SYNOPSIS A method is described for the direct colorimetric determination of urea in biological fluids. The method depends on the reaction (first described by Wheatley, 1948) between urea, diacetylmonoxime, and phenylanthranilic acid in the presence of controlled amounts of oxidant; chloride ions are included to sensitize the reaction; manganous ions stabilize the resultant colour; and phosphate enables reasonable reproducibility to be achieved.
Of the numerous methods published for the direct colorimetric determination of urea and its derivatives, the most investigated have been those based on the Fearon (1939) carbamido reaction between the urea compound and diacetyl monoxime (DAM), iso-nitrosopropiophenone, or diacetyl (Ormsby, 1942; Barker, 1944; Archibald, 1945; Wheatley, 1948; Natelson, Scott, and Beffa, 1951; Friedman, 1953; Koritz and Cohen, 1954; Rosenthal, 1955; Kawerau, (1946); Marsh, Fingerhut, and Kirsch, 1957; Le Mar and Bootzin, 1957; Sardou, 1958; Girard and Dreux, 1958; Crokaert and Schram, 1958; Holden, 1959) .
The number of attempts which have been made to meet the difficulties encountered is indicative of the magnitude of the problem. The disadvantages which have to be overcome include the instability of the resultant colour to light and time; the differential effect of light on blanks and test solutions; low to moderate sensitivity; prolonged heating time for reaction; sensitivity of colour intensity to reaction temperature; the objectionable nature ofthe reagents, e.g., concentrated hydrochloric acid, arsenic compounds; lack of proportionality between urea concentration and colour over a sufficiently wide range.
The present work is an attempt to develop reagents which minimize or obviate these various disadvantages. A discussion of the chemistry of the reactions involved is given.
Received for publication 25 October 1960.
METHOD REAGENTS The following are required:
(1) Zinc sulphate-sodium sulphate isotonic solution Dissolve 2-6 g. zinc sulphate (ZnSO4 7H2O) A.R. and 12 g. sodium sulphate anhydrous (or 27 g. decahydrate) in water and dilute to 1,000 ml.
(2) Sodium hydroxide, 0-5 M. PAA in 20 ml. pure ethanol, add 1 g. sodium bicarbonate and about 60 ml. water. Dissolve and dilute to 100 ml. and refrigerate.
(10) Acid phosphate stock reagent To 312 g. sodium dihydrogen phosphate in a 3-litre flask add about 250 ml.
water, followed by 1,230 ml. sulphuric acid 50% V/v. Add 100 ml. manganous chloride 40% and 40 ml. 10 M hydrochloric acid. Mix well and dilute to 2,000 ml. This reagent keeps indefinitely.
(11) Activated acidphosphate reagent Measure 4-0 ml. sodium nitrate 0-05 M into a 1,000 ml. flask; add rapidly 500 ml. acid phosphate stock reagent (10). Mix well and allow to stand at room temperature for 17 At a later stage of our work arsenic pentoxide was replaced by sodium arsenate (Na2HAsO4 7H2O) for greater ease in preparing the reagents. Two grades of arsenate were used, one of A.R. purity and the other of laboratory reagent grade. Surprisingly, the A.R. material gave a reagent of poor sensitivity while the other was satisfactory. Analysis of the two grades showed that the main difference lay in the nitrate content. The A.R. material contained <0-001 % while the other had a content of -0-008 % NO'3. This implicated nitrate ion and not arsenate as the oxidant responsible for colour formation in our method. Omission of arsenate, but inclusion of small amounts of nitrate, gave good but erratic results, so it appeared that the arsenate had some stabilizing or 'buffering' effect. This suggested the use of other salts such as citrate, tartrate, and phosphate. Citrate and phosphate were both effective in producing intense and reproducible colours, but phosphate was finally selected since it is obtainable in a state of high purity. Phosphate-nitrate mixtures were found to give results as good as impure arsenate and were preferred since the amount of oxidant is controllable.
Other oxidants such as chlorate, perchlorate, bromate, iodate, and permanganate were investigated but proved unsatisfactory for various reasons.
Apart from PAA, other sensitizers were employed. These included other diphenylamine derivatives, quinones, and quinone imines. Of these only 4-aminodiphenylamine was found to be as effective as PAA, but since it is less stable, PAA was retained. Diphenylaminesulphonic acid (sodium salt) also produces good sensitivity but the concentration required is about four times that of PAA.
CERTAIN EFFECTS OF VARIATION IN THE REAGENTS FINALLY
SELECTED When each constituent of the optimum reagents was varied in turn from the optimum used in the method, the following effects were produced:
Acid phosphate reagent Reduction in molarity of the sulphuric acid below 5 5 M caused loss of sensitivity; above that level overoxidation of PAA, loss of hydrochloric acid, and marked turbidity were observed. Satisfactory results were obtained within the range 5 to 6 M.
The hydrochloric acid could be varied over the range 0-1 to 0-4 M without effect. Higher concentrations led to loss of colour and formation of a brown flocculent precipitate.
Increasing phosphate ion concentration up to 1 M gave increasingly better reproducibility and colour stability but no change in sensitivity. At appreciably higher concentrations crystallization of salts is trouble-some.
Concentrations of manganese chloride below 0-1 to 0-2 M failed to produce satisfactory light-and timestability. Higher concentrations yielded no further improvement.
The optimum range for nitrate ion concentration was found to be 0-32 to 0-48 mM. Higher concentrations produced higher blanks and eventually destruction of the colour formed. Sensitivity dropped rapidly below the 0-3 mM level.
Diacetylmonoxime The optimum range was found to be 0-8 to 1-2%. Below this range loss of sensitivity occurred and above it colour suppression was observed. Rosenthal (1955) found the same effects for his reagents. No special purification of the DAM was necessary.
Phenylanthranilic acid The optimum concentration range was 0-098 to 0-12%. Below this range there was loss of linearity at the higher urea levels and above it turbidities were produced. A slight opalescence is produced even within the optimum range but is not sufficiently serious to interfere with the colorimetric measurements.
Variation of relative volume of active acid reagent used in the test The ratio of the volume of active acid reagent to that of the remainder (1 -2 ml.) could be varied over the range 6 :1-2 to 3 :1 2 without loss of sensitivity (after allowing for volume change). A ratio of 5: 1 2 was chosen to give a convenient volume for colorimetric measureme2t. TIME OF HEATING AT 1000C. Using the optimum reagents and the volumes described under Method, a series of urea standards was heated for periods ranging from 4 to 14 min. (Fig. 1) .
The colour reaches a maximum in 12 min. and then begins to decrease, prolonged heating periods destroying the colour. A period of 11 to 12 min. is therefore suitable.
EFFECT OF REACTION TEMPERATURE ON COLOUR PRODUC-TION Colour development was carried out over the range 90°to 105°C. in a bath controlled to ± 0-5°C. (Fig. 2) . The optimum temperature range is 990 to 100-5', so that a boiling water bath equipped with a calibrated thermometer is ideal under the usual conditions of atmospheric pressure.
A bath constructed of metal is preferrred since at 100°C. the coloured product is somewhat sensitive to light, values some 6% lower being observed when the reaction is carried out in daylight.
STABILIZATION OF COLOUR One of the main difficulties in the use of DAM methods (with or without the use of PAA) has been the sensitivity of the blanks and colours to light. This problem is more acute when sensitizers such as PAA are employed and this has probably been a significant reason for their avoidance.
In our search for suitable stabilizers a variety of metal ions was tried. Of these, only Sb3+, Cu2+, and Mn2+ were found to be effective. Manganese was selected because it contributes virtually nothing to the blank reading and is not toxic. With manganese chloride at the 0-2M level in the acid reagent it was found that both blanks and test colours could be irradiated at 200 to 25°C. in direct sunlight for 30 min. without significant change. In diffuse daylight or in darkness, at a level of 0-1M manganese chloride, the colour decreased by 5 % per hour so that this concentration was considered adequate for normal working conditions. SPECTRUM The absorption spectrum of the urea reaction product (curve 1, Fig. 3 ) has a broad band in the visible with Amax. at 535 m. The nature of the spectrum is such that accurate measurements may be made even with a colorimeter equipped with a moderately narrow bandpass filter. The curves were measured on the Beckman DK2 spectrophotometer using I cm. cells.
RESULTS

COMPARISON OF PRESENT METHOD WITH A UREASE
METHOD Comparisons were made over a period of time under ordinary routine conditions between the present method and a method employing urease and Nessler's reagent (Connerty, Briggs, and Eaton, 1955) . The results are presented in Table I and indicate a high specificity for urea in the present method, the average difference between the two being less than 3 %. Single determinations only were made by each method for most of the blood specimens examined. In cases where duplicate or triplicate determinations were made by each method, closer agreement between them was evident. No exhaustive investigation of possible interferences was therefore undertaken. This matter has been dealt with by previous workers (see, for example, Wheatley, 1948; Koritz and Cohen, 1954; Rosenthal, 1955) . These authors have shown that for blood a-nd urine the relative colour equivalents and concentrations of potential interferences are such that, in general, no significant contribution from them is likely to be encountered. REPRODUCIBILITY A sensitive methodfor the colorimetric determination of urea with possibly the addition of one or more protons to the triazine ring under the strongly acid conditions used.
Evidence for one or another of these possible mechanisms was sought by studying the reactions between mono-or disubstituted ureas and DAM (using colour formation as a criterion of reaction). Table IV shows the results which might be expected for the three types of reaction outlined above, according to the nature of the urea derivative used.
Monophenyl urea reacted to give approximately the same amount of colour as an equimolar amount of urea (Fig. 3, curve 2) , the absorption band being shifted bathochromically by some 10 m,u. sym-Diphenyl urea failed to produce colour.
No account has been taken of possible steric or deactivating effects which could result upon substitution but as far as it goes the evidence indicates some kind of ring, rather than chain condensation. The formation of the triazine derivative is suggested as a tentative hypothesis on the basis of which no reaction would be expected to occur with asym. disubstituted ureas.
As mentioned earlier, numerous compounds were investigated as colour intensifiers and of these diphenylamine derivatives gave the most satisfactory results. This might indicate that the function of nitrate (acting either directly, or indirectly by oxidation of hydrochloric acid) in the acid medium is to oxidize the diphenylamines to diphenylbenzidines: and unactivated acid reagent; the formation of a magenta colour indicated that the reaction proceeded in the manner suggested. Secondly, PAA in 85% sulphuric acid was oxidized with sufficient nitrate to convert it to the intensely coloured diphenylamine blue derivative. The warm solution was then reduced to the dicarboxy derivative of N,N'-diphenylbenzidine by the dropwise addition of sodium dithionite until the colour was just discharged. Concomitantly any excess nitrate was reduced. The reaction with urea was carried out using this reduced solution and unactivated acid reagent. Again, a magenta coloured product resulted, more intense than that obtained with an equivalent amount of diphenylbenzidine. The comparative behaviour of these two benzidine derivatives as regards intensity of colour production thus parallels the behaviour of PAA and diphenylamine (or diphenylamine sulphonic acid) on oxidation and thus suggests strongly that it is the diphenylben-,S~~H Na Rz R where R = 4-NH2, 2-COOH or 4-SO3H.
zidine structure which interacts with the urea-DAM condensation product.
Since it is difficult to conceive of a ready mechanism whereby this product could react with diphenylbenzidines, it is suggested tentatively that the final step in colour production is the formation of a magenta-coloured molecular complex from the two components, stabilized by manganese ions.
We wish to thank Dr. T. Orban of Sydney for his kindness in supplying notes of his (unpublished) modifications of Wheatley's method.
Approval has been given by the Director-General, Department of Public Health, for the publication of this work.
